Abstract: Setting: The infection with Mycobacterium tuberculosis gives a delayed immune response, measured by the tuberculine skin test. We present a new technique for evaluation based on automatic detection and measurement of skin infrared emission. Design: 21 subjects (57.0±17.8 yr), (7/14, M/F) with suspected tuberculosis contact were examined with an IR thermal camera, 48 hours after skin injection. Results: In 15 subjects, IR analysis was positive for tuberculine test. Mean temperature of injection area was higher, around 1 ºC, for the positive group (36.0± 0.3 ºC positive group; 35.2±1.7 ºC negative group, p<0.001, Non parametric U Mann-Whitney Test). Conclusion: IR may represent an improved estimation of tuberculosis infection, given that it does not depend on reader variability and measures the increase of heat irradiation produced by the allergic tuberculine response. "NOTICE: this is the author's version of a work that was accepted for publication in <Journal title>. Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in Computer Methods and Programs in Biomedicine, vol.122, issue 2, (November 2015 
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Ethics Statement
98
IR thermal imaging
99
The size of the induration was also measured by IR thermal imaging. Subjects 100 remained in the laboratory room for at least 15 minutes to achieve thermal equilibrium.
101
Temperature, humidity and air circulation were all controlled. Laboratory temperature
102
was maintained between 23 ± 1 ºC, and humidity was around 50%. Subjects were
103
requested not to consume hot drinks or food for at least an hour before image session,
104
nor use any skin preparations such as creams or talcum powder. Emissivity of the skin 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 6 was assumed at a value of 0.98 ± 0.01. There was no ceiling air filter. The lighting in 106 the laboratory was maintained at wavelengths longer than 1 micron. to calculate the conversion factor to express measured lengths in millimeters (Figure 3-134 c).
135
The temperature in the forearm area was much higher than the temperature 136 outside the forearm area (air). Therefore, the values of all pixels in the forearm area
137
were in the upper range of the scaled temp_n image. In order to clarify the differences 138 between the internal pixels of the forearm area, we applied an intensity transformation 139 to temp_n. All pixels below 0.5 were set at 0, whereas pixels in the range 0.5-1 were 140 expanded to the range 0-1, thus obtaining the temp_e image (Figure 3- of the surface of the forearm were retained (set at 1) and pixels outside the forearm (air)
149
were rejected (set at 0), thus obtaining the temp_b binary image (Figure 3-e) . Then, a 150 5x5 cm square, which was centered at P Tmax , was selected as the analysis area mask. neighboring pixels that met the criterion in (2).
157
(2)
158
The parameter reg_mean 1 was the mean value of all pixels included in the whole 159 region 1, temp_e(i,j) was the intensity value of a neighboring pixel, S 1 (i,j) was the 160 membership criterion of a neighboring pixel, Th1 was the threshold used to either 161 include or not a neighboring pixel in sub-region 1, and A was the scale factor of Th1 to 162 define the lower limit of S 1 (i,j) . When there were not neighboring pixels meeting the 163 criterion defined in (2), a new criterion, as defined in (3), was used to add in 164 neighboring pixels to sub-region 2.
165
(3)
166
The parameter reg_mean 2 was the mean value of all pixels included in the whole 167 region 2, temp_e(i,j) was the intensity value of a neighboring pixel, S 2 (i,j) was the 168 membership criterion of a neighboring pixel, and Th2 was the threshold used to either 169 include or not a neighboring pixel in sub-region 2. When no neighboring pixels met the 170 criterion defined in (3), a new seed point was selected and a new iteration started. Each 171 new seed point had to meet the criterion defined in (2) and be at a maximum distance of 172 15mm from the sub-region 1 obtained in the first iteration. After the region growing process finished, when no new seed points existed, 174 regions 1 and 2 were formed by a set of sub-regions 1 and 2, respectively (Figure 3-f).
175
The maximum length of both region 1 and region 2 were calculated as the sum of the region 2 from the analysis area mask. Then, the area (mm 2 ), the minimum, the 179 maximum, the mean, and the standard deviation temperatures (ºC) were calculated 180 either for region 1, region 2, and the background.
181
Finally, the region 2 was merged with the background if the following criterion 182 was met: parametric tests were applied to observe the differences between groups. A Bland-
200
Altman plot and the Kappa Statistic were also applied to see the inter-observer variation. positive IR image (15 subjects) and Group 2 with negative IR reaction (6 subjects).
217
Mean, min, and maximum temperatures were higher for group 1 than group 2.
218
Differences for mean temperature were around 1 ºC between both groups. These 219 parameters were higher in area 1 than area 2 for group 1 and there were not significant 220 differences from group 2. Differences for group 1 were around 0.5 ºC between area 1 221 and area 2. 
12
A Bland-Altman plot compares two assay methods. It plots the difference 227 between the two measurements on the Y axis, and the average of the two 228 measurements on the X axis (figure 4). Differences between diameter of induration 229 measured by exploration of PPD and IR image analysis of area 1 were into the 95% 230 limits of agreement (mean bias plus or minus 1.96 times its SD). The bias is computed 231 as the value determined by one method minus the value determined by the other 232 method. Bias was 1.4. and SD of Bias was 5.25. 95% limits of agreement were from -233 8.9 to 11.7. 234
Inter-observer variation was measured by The Kappa Statistic, between 235 exploratory lecture of PPD and IR image analysis ( The authors studied the skin tuberculine reaction in 21 tuberculosis contacts by 240 infrared emission image analysis and compared it with classical tuberculine examination.
241
Fourteen subjects with a tuberculin reaction size more than 5 mm had an IR positive 242 image reaction. Six subjects with negative tuberculin test had also a negative IR image.
243
One contact with a negative tuberculin test had a positive IR image. The diameter of 244 the IR reaction was higher than the diameter measured by skin examination.
245
Infrared imaging has been extensity applied in medicine since the 1960's. 
295
Several issues related to methodology of the present paper must be addressed.
296
First, the reduced group of patients has not permitted us to draw general conclusions,
297
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433
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